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Sequence analysis suggests that SEL-12 and human
College of Physicians and Surgeons
presenilins have ten hydrophobic regions (Figure 1). In
New York, New York 10032 this study, we provide evidence that a total of eight of
these hydrophobic regions function as transmembrane
domains in vivo. Below, we use the term “hydrophobic
Summary region” to designate a segment of the protein with the
potential to span the membrane, as inferred by hydro-
Mutant presenilins cause Alzheimer’s disease. Pre- phobicity analysis, and “transmembrane domain” to
senilins have multiple hydrophobic regions that could designate a hydrophobic region that our data suggest
theoretically span a membrane, and a knowledge of actually spans a membrane.
the membrane topology is crucial for deducing the
mechanism of presenilin function. By analyzing the
Strategyactivity of b-galactosidase hybrid proteins expressed
We constructed transgenes encoding hybrid SEL-in C. elegans, we show that the C. elegans SEL-12
12::LacZ proteins, in which LacZ was placed after eachpresenilin has eight transmembrane domains and that
of ten hydrophobic regions identified by hydrophobicitythere is a cleavage site after the sixth transmembrane
analysis (see Figure 1). We also constructed analogousdomain. We examine the presenilin sequence in view
transgenes encoding hybrid SEL-12::TM::LacZ proteins,of thepredicted topologyand discuss possible mecha-
which include a short hydrophilic spacer followed bynisms for presenilin function.
a synthetic transmembrane domain (Fire et al., 1990).
Several independent transgenic C. elegans lines ex-Introduction
pressing individual LacZ hybrid proteins were estab-
lished (Mello et al., 1991) and assayed for b-galactosi-Mutant presenilin 1 (PS1) and presenilin 2 (PS2) proteins
dase activity (Fire, 1992) (Table 1). The transgenes werecause Alzheimer’s disease (Levy-Lahad et al., 1995a,
expressed in the pLSX vector (see Experimental Proce-
1995b; Rogaev et al., 1995; Schellenberg, 1995; Sher-
dures), which promotes expression in a subset of cells
rington et al., 1995). The SEL-12 protein of Caenorhab-
that express sel-12. Transgenic nematodes expressing
ditis elegans is a true presenilin, based on sequence
hybrid proteins in which LacZ is located in the cytosol
analysis (Levitan and Greenwald, 1995) and the ability
should consistently display staining, but nematodes ex-
of PS1 or PS2 to substitute for SEL-12 (see Levitan
pressing hybrid proteins in which LacZ is located extra-
et al., 1996). The mechanism of presenilin function is
cytosolically should not display staining (Silhavy and
unknown, but all presenilins have multiple hydrophobic
Beckwith, 1985; Froshauer et al., 1988; Fire et al., 1990).
regions that could theoretically span a membrane. A
Thus, for a pair of hybrid proteins, with the same fusion
knowledge of the membrane topology is a crucial step
point after a given hydrophobic region but differing only
toward deducing the mechanism of presenilin function.
in the presence or absence of a synthetic transmem-In this paper, we explore the topology of SEL-12 pre-
brane domain, we would expect that one hybrid wouldsenilin in vivo by using a b-galactosidase hybrid protein
be active but the other would not be active. An exampleapproach that has been widely successful for deducing
of this approach for hybrid proteins with a fusion point
the topology of membrane proteins (see Froshauer et
after the third hydrophobic region is shown in Figure 2.
al., 1988; Silhavy and Beckwith, 1985; Traxler et al., 1993;
Henn et al., 1995; Lai et al., 1996). This approach relies
on the observation that b-galactosidase is active within Cytosolic Localization of the Amino and Carboxyl
Termini of SEL-12 Presenilinthe cytoplasm of cells but not in the extracytosolic com-
partment. If b-galactosidase is fused at different points Transgenic lines expressing a SEL-12::LacZ hybrid pro-
tein in which LacZ is fused near the extreme carboxylin a membrane protein, its location in the cytosol or in
an extracytosolic compartment, and hence the topology terminus, beyond the tenth and last hydrophobic region,
display staining, whereas transgenic lines expressingof the membrane protein, can be deduced by its activity.
Using the b-galactosidase hybrid protein approach, the corresponding SEL-12::TM::LacZ hybrid protein do
not display staining. These observations indicate thatwe have found that SEL-12 presenilin appears to have
a total of eight transmembrane domains, with both the the carboxyl terminus of SEL-12 is located in the cytosol.
The SEL-12 presenilin, like PS1 and PS2, does notamino and carboxyl termini located in the cytosol. The
subcellular localization of hybrid proteins also indicates contain a predicted secretory signal sequence (von
Heijne, 1986). We have obtained evidence that theaminothat there is an apparent cleavage site after the sixth
transmembrane domain. Our results agree with and terminus is cytosolic. First, we examined SEL-12::LacZ
and SEL-12::TM::LacZ hybrid proteins and found thatcomplement studies of human PS1 (Doan et al., 1996
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Table 1. b-Galactosidase Activity of SEL-12::LacZ and
SEL-12::TM::LacZ Hybrid Proteins
Fusion after Number of Lines
Fusion Point Hydrophobic Region Reporter Staining/Total
P86 1 LacZ 0/3
1 TM::LacZ 3/4
K129 2 LacZ 3/3
2 TM::LacZ 0/3
S157 3 LacZ 0/5
3 TM::LacZ 5/5
G186 4 LacZ 4/4
4 TM::LacZ 2/4b
P211 5 LacZ 0/4
5 TM::LacZ 3/3
G235 6 LacZ 4/4
6 TM::LacZ 0/4
D284 7 LacZ 2/3
7 TM::LacZ 0/3
V389 8 LacZ 0/6
8 TM::LacZ 0/6
P410 9 LacZ 4/4
9 TM::LacZ 0/4
C441 10 LacZ 4/6
10 TM::LacZ 0/6
P410DHR8a 9 LacZ 0/8
9 TM::LacZ 4/8
a P410DHR8 contains a deletion of amino acids A338–D380.
b Two of four lines displayed weak staining, suggesting that the
fourth hydrophobic domain may not always span the membrane in
the absence of a stabilizing interaction with sequences elsewhere
in the protein.
functions as a transmembrane domain, so that the
amino terminus of the SEL-12 presenilin is in the cytosol,
or the first hydrophobic region does not function as a
transmembrane domain, so that the amino terminus is
in the extracytosolic compartment.
We therefore performed experiments to test whether
the first hydrophobic region is able to function as a
Figure 1. Hydrophobicity and Amino Acid Sequence Similarity of transmembrane domain. We generated two pairs of con-
SEL-12, PS1, and PS2
structs. The first pair added a synthetic signal sequence
(A) Hydrophobicity (Kyte and Doolittle, 1982) plot of SEL-12, PS1, (SS) to the SEL-12::LacZ or SEL-12::TM::LacZ hybrid pro-and PS2. A window size of 15 was used. Hydrophobic regions are
teinwith a fusion junction after the first hydrophobic regionnumbered 1–10. In SEL-12, the hydrophobic regions are bounded
(HR1). The resulting SS::HR1::LacZ protein displayedby the following amino acids: 1, L53–Y74; 2, G98–Y123; 3, G133–
Q152; 4, V160–I182; 5, L190–I207; 6, W213–P233; 7, P250–V271; 8, b-galactosidase activity, whereas the SS::HR1::TM::LacZ
L360–F379; 9, I385–F405; 10, A408–C425. protein did not, indicating that the first hydrophobic region
(B) Alignment of the SEL-12, PS1, and PS2 predicted protein se-
functions as a transmembrane domain (Table 2). We alsoquences. The SEL-12 predicted protein sequence shown here is
generated a second pair of hybrid proteins, differing frombased on Levitan and Greenwald (1995) with a correction of the
the first pair by the addition of another transmembranecarboxy-terminal sequence based on information provided by the C.
elegans genomic sequencing project (R. Waterston et al., personal domain (HR2, the second hydrophobic region of SEL-12).
communication). The PS1 sequence is from Sherrington et al. (1995), Again, the behavior of these proteins indicates that the
and the PS2 sequence is from Rogaev et al. (1995). Identical amino first hydrophobic region functions as a transmembrane
acids are boxed in black; hydrophobic regions numbered as in Fig-
domain, since the resulting SS::HR2::HR1::TM::LacZ pro-ure 1 are overlined, and the transmembrane domains deduced from
tein displayed b-galactosidase activity, whereas thethis study are indicated in Roman numerals as in Figure 4. Closed
circles mark fusion points (see Table 1), and closed diamonds mark SS::HR2::HR1::LacZ protein did not (Table 2).
the endpoints of the DHR8 deletion (see Table 1). Together, our results indicate that the amino terminus,
like the carboxyl terminus, of SEL-12 is cytosolic. An
independent study of the topology of human PS1 alsotransgenic lines expressing a SEL-12::LacZ hybrid pro-
has concluded that the amino and carboxyl termini oftein in which LacZ is located after the first hydrophobic
presenilins are cytosolic (Doan et al., 1996). With bothregion do not display staining, whereas transgenic lines
the amino and carboxyl termini located in the cytosol,expressing the corresponding SEL-12::TM::LacZ hybrid
SEL-12 and human presenilins must have an even num-protein display staining. These observations are consis-
tent with two possibilities: the first hydrophobic region ber of transmembrane domains.
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Figure 2. Strategy for Deducing SEL-12 Pre-
senilin Membrane Topology
In each panel, the top is a schematic drawing
of the location of the LacZ portion of the hy-
brid protein; a cytosolic location is inferred
by the presence of staining, and an extracyto-
solic location is inferred by the absence of
staining.
(A) Transgenic hermaphrodite expressing a
SEL-12::LacZ hybrid protein with a fusion
point at S157 (the third hydrophobic region).
(B) Transgenic hermaphrodite expressing a
SEL-12::TM::LacZhybrid protein with a fusion
point at S157. This hermaphrodite differs
from the hermaphrodite in (A) only in the pres-
ence of a short hydrophilic spacer and syn-
thetic transmembrane domain (Fire et al.,
1990).
SEL-12 Presenilin Has Eight Transmembrane Domains possibly due to instability of one or both hybrid proteins.
Since both the amino and carboxyl termini are locatedThe analysis of additional hybrid proteins suggests that
all hydrophobic regions except for the seventh and tenth in the cytosol, indicating that SEL-12 must have an even
number of transmembrane domains, the hybrid proteinserve as transmembrane domains, so that the SEL-12
presenilin has a total of eight transmembrane domains data were consistent with two possibilities: SEL-12 pre-
senilin has a total of eight transmembrane domains, with(Table 1).
Transgenic lines expressing SEL-12::LacZ proteins, the eighth and ninth hydrophobic regions (see below)
functioning as transmembrane domains, or SEL-12 pre-in which the fusion junction occurs after the second,
fourth, and sixth hydrophobic regions displayed stain- senilin has a total of six transmembrane domains, with
only the first six hydrophobic regions functioning asing, whereas transgenic lines expressing SEL-12::LacZ
proteins, in which the fusion junction occurs after the transmembrane domains. To distinguish between these
two possibilities, we compared the activity of hybridfirst, third, and fifth hydrophobic regions failed to display
staining. The reciprocal results were observed for SEL- proteins in which LacZ or TM::LacZ is fused after the
ninth hydrophobic region in the presence or absence of12::TM::LacZ hybrid proteins. These results indicate that
the first six hydrophobic regions function as transmem- the eighth hydrophobic region (P410 versus P410DHR8,
Table 1). In this case, deletion of the eighth hydrophobicbrane domains.
When the fusion junction occurs after the seventh region affected the b-galactosidase activity of otherwise
equivalent hybrid proteins: the P410::LacZ hybrid is ac-hydrophobic region, we observed staining in transgenic
lines expressing SEL-12::LacZ proteins but not SEL- tive whereas the P410DHR8::LacZ hybrid is not active,
and the P410DHR8::TM::LacZ hybrid is active whereas12::TM::LacZ proteins. Since this pattern is similar to
that seen for hybrid proteins in which the fusion junction the P410::TM::LacZ hybrid is not active. These results
suggest that the eighth hydrophobic region does indeedoccurs after the sixth hydrophobic region, we infer that
the seventh hydrophobic region does not function as a function as a transmembrane domain.
As described above, transgenic lines expressing SEL-transmembrane domain, or that it spans the membrane
twice (see Discussion). 12::LacZ proteins, but not SEL-12::TM::LacZ proteins,
in which the fusion junction occurs after the tenth hy-The SEL-12::LacZ or SEL-12::TM::LacZ hybrid proteins
were not informative for hybrids in which the fusion drophobic region displayed staining, establishing that
the carboxyl terminus of SEL-12 presenilin is cyto-junction occurs after the eighth hydrophobic region: we
did not find convincing staining in any lines (Table 1), plasmic. The same results were obtained for transgenic
lines in which the fusion junction occurs after the ninth
hydrophobic region (i.e., SEL-12::LacZ proteins display
Table 2. The First Hydrophobic Region of SEL-12 Functions as
b-galactosidase activity, but SEL-12::TM::LacZ proteins
a Transmembrane Domain
do not). From these results, we infer that the ninth hy-
Number of Lines drophobic region functions as the final transmembrane
Hybrid Staining/Total domain and that the tenth hydrophobic region, like the
SS::HR1::LacZ 4/4 seventh hydrophobic region, does not function as a
SS::HR1::TM::LacZ 0/4 transmembrane domain (or spans the membrane twice).
SS::HR2::HR1::LacZ 0/5
SS::HR2::HR1::TM::LacZ 7/8
Abbreviations: SS, synthetic signal sequence; HR1, first hydropho- SEL-12 Presenilin Is Cleaved after the Sixth
bic region; HR2, second hydrophobic region; TM, synthetic trans- Transmembrane Domain
membrane domain. For details about these hybrid proteins, see Changes in the subcellular localization of SEL-12::LacZ
Experimental Procedures.
fusion proteins suggested that the SEL-12 presenilin,
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Figure 3. Deducing the Cleavage Site in SEL-
12 Presenilin
Hermaphrodites were stained with DAPI to
visualize nuclei as well as for b-galactosidase
activity (Fire et al., 1990). In each panel, the
top is a schematic drawing of the result, with
the subcellular localization of b-galactosi-
dase staining indicated by grey shading, and
the bottom shows a photomicrograph, with
the nucleus indicated by an arrow.
(A) Transgenic hermaphrodite expressing a
SEL-12::LacZ(NLS) hybrid protein with a fu-
sion point at G235 (after the sixth hydropho-
bic region) shows cytoplasmic staining.
(B) Transgenic hermaphrodite expressing a
SEL-12::LacZ(NLS) hybrid protein with a fu-
sion point at D284 (after the seventh hy-
drophobic region) shows nuclear staining.
like PS1 (Thinakaran et al., 1996), is cleaved. In C. ele- Discussion
gans, secreted and transmembrane LacZ hybrid pro-
teins are typically localized to the perinuclear region, Topology of SEL-12 Presenilin
Using the b-galactosidase hybrid protein approach, weapparently because secreted or transmembrane forms
of b-galactosidaseare retained in the endoplasmic retic- have deduced the SEL-12 presenilin topology shown in
Figure 4. The inferred topology reveals that in general theulum (Fire et al., 1990). (This property does not affect
the determination of topology based on b-galactosidase cytosolic side tends to have more positive charges than
the extracytosolic side, consistent with “rules” derivedactivity of hybrid proteins, since the lumen of the endo-
plasmic reticulum is topologically extracytosolic and from analyzing many membrane proteins (Reithmeier,
1995). Our topological model for SEL-12 presenilin is infails to support b-galactosidase activity.) In most trans-
genic lines, b-galactosidase staining appears largely accord with data for human PS1 (Doan et al., 1996), further
underscoring the conclusion from functional evidence thatperinuclear, consistent with retention in the endoplas-
mic reticulum. However, for the set of transgenic lines SEL-12 is a bona fide presenilin (Levitan et al., 1996). The
high degree of sequence conservation apparent when thethat express a hybrid SEL-12::LacZ protein in which
LacZ is fused after the seventh hydrophobic region, we deduced transmembrane domains of SEL-12 presenilin
are compared with human PS1 and PS2 (see Figure 1)noticed that staining is not confined to the perinuclear
region and instead was observed throughout the cyto-
plasm (data not shown). This diffuse staining suggested
that in these lines, b-galactosidase diffuses away from
the membrane, as would be expected if there were a
cleavage site prior to the fusion point.
To visualize the subcellular localization of LacZ more
clearly, we constructed SEL-12::LacZ hybrid proteins in
which the LacZ protein also contains a nuclear localiza-
tion sequence (NLS) (Fire et al., 1990; see Figure 3). As
before, if LacZ were to be associated with the mem-
brane, staining would be perinuclear. However, if a
cleavage event were to release LacZ from the SEL-12
presenilin membrane tether, then LacZ would enter the
Figure 4. Inferred Topology of SEL-12
nucleus and staining would be nuclear. We found that
Hydrophobic regions are indicated by Arabic numerals, and trans-
the SEL-12::LacZ(NLS) hybrid protein is perinuclear membrane domains deduced from this study are indicated by Ro-
when the fusion junction is located after the sixth hy- man numerals. As detailed in the Discussion, the eight transmem-
drophobic region (at amino acid 235), but is nuclear brane domains may associate with each other to form a b barrel,
and the seventh and tenth hydrophobic regions may be associatedwhen the fusion junction is located after the seventh
with the membrane (represented by a double-headed arrow), withhydrophobic region (at amino acid 284) (Figure 3). These
other domains of SEL-12, or with other proteins. The deduced cleav-observations suggest that there is a cleavage site be-
age site is likely to be within amino acids G235 to D284; for simplicity
tween (or near) amino acids 235 and 284 and that se- in this diagram, the uncleaved form is shown. Cleavage does not
quences beyond amino acid 284 are not needed for the appear to be absolutely required for PS1 function in a C. elegans
functional assay (Levitan et al., 1996).cleavage event.
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suggests that the human presenilins have corresponding Interactions among transmembrane domains may
form a passageway through the membrane. Thus, it istransmembrane domains.
The presence of many potential transmembrane do- conceivable that presenilins function as, or as part of,
a channel, transporter, or pore. Interactions amongmains in presenilins led to speculations about potential
functions for presenilins as G protein–coupled recep- a-helical transmembrane domains may form a channel,
as has been seen for bacteriorhodopsin, in which fivetors, channels, and docking proteins, participating in
processes as diverse as protein trafficking, signal recep- of the seven a helices form a proton channel (Henderson
et al., 1990). Alternatively, interactions among b strandstion, and chromatin binding (e.g., Clark et al., 1995; Levi-
tan and Greenwald, 1995; Levy-Lahad et al., 1995b; Li may form a b barrel, a structure that has been proposed
for a variety of pores, transporters, and channels, andet al., 1995; Rogaev et al., 1995; Sherrington et al., 1995).
We have found that SEL-12 presenilin appears to have has been confirmed by three-dimensional structural
analysis for porins and a-hemolysin (Cowan et al., 1992;a total of eight transmembrane domains, with both the
amino and carboxyl termini located in the cytosol. Since Song et al., 1996). The large number of consecutive
hydrophobic amino acids in each individual transmem-SEL-12 has eight transmembrane domains and appears
to be cleaved into proteins with six and two transmem- brane domain do not resemble the alternating charged
or polar residues typical of putative b barrel pores thatbrane domains, presenilins do not at this level resemble
canonical seven transmembrane domain G protein– pass hydrophilic molecules, and the rarely interspersed
polar or charged amino acids do not occur at intervalscoupled receptors. Instead, the presenilins appear to
be a novel class of multipass membrane protein. characteristic of an amphipathic a helix.
Our data suggest that SEL-12 presenilin is cleaved
after the sixth transmembrane domain, as has also been
Other Presenilin Domainsobserved for human PS1 (Thinakaran et al., 1996). Cleav-
Most of the intertransmembrane sequences are shortage does not appear to be absolutely required for pre-
and very highly conserved among all three presenilins.senilin function, since a PS1 mutant that lacks the cleav-
The main cytosolic domains are the amino and carboxylage site is able to function in place of SEL-12 in C.
termini, and the large “loop” between the sixth and sev-elegans (Levitan et al., 1996). The amino- and carboxy-
enth transmembrane domains. There are no large extra-terminal cleavage products of PS1 are present in a 1:1
cytosolic domains. There is a single conserved potentialstoichiometry (Thinakaran et al., 1996). However, it is
N-linked glycosylation site, located in the extracellularnot known if the cleavage products function together or
domain between the seventh and eighth transmembranehave independent activities; it is also not known whether
domains.they oligomerize or associate with other membrane pro-
The amino-terminal domain is not well conservedteins.
among all three presenilins, except for a very shortLocalization studies have suggested that presenilins
stretch of about ten amino acids immediately before theare found in intracellular membranes, with little or no
first transmembrane domain. The amino-terminal regiondetectable presenilin protein in the plasma membrane
of PS2 resembles a PEST sequence, which has been(Kovacset al., 1996). Together, the localization and topo-
implicated in promoting protein turnover (Rogers et al.,logical information is consistent with a function for pre-
1986; Rechsteiner, 1990), but the amino termini of SEL-senilins in the biogenesis or transport of membrane pro-
12 and PS1 are not clearly recognizable as PEST se-teins, or in facilitating communication between different
quences. The carboxy-terminal domain is well con-subcellular compartments.
served, particularly in the tenth hydrophobic region, in
which almost every amino acid is identical among all
three presenilins. This domain might mediate protein–Presenilin Transmembrane Domains
The high degree of sequence conservation among SEL- protein interactions within or between presenilin mole-
cules, or with other proteins. Alternatively, it may be12, PS1, and PS2 suggests that the transmembrane
domains may form a conserved structure and have con- directly associated with the lipid bilayer.
The seventh hydrophobic region deduced from hy-served interactions with each other or with other mole-
cules. dropathy analysis does not appear to span the mem-
brane and is instead part of a large intracellular “loop”Individual SEL-12 transmembrane domains are about
20 amino acids long. They are thus long enough to span between the sixth and seventh transmembrane do-
mains. If the transmembrane domains of presenilinsa lipid bilayer in an a-helical conformation, as has been
observed for the transmembrane domains of multipass form a pore, then it is conceivable that the intracellular
loop (and/or tenth hydrophobic region) intrudes into themembrane proteinssuch as bacteriorhodopsin (Hender-
son and Unwin, 1975; Henderson et al., 1990) and cyto- pore and functions as part of a gating mechanism
(MacKinnon, 1995). (This function may still occur in thechrome c oxidase (Iwata et al., 1995). Alternatively, it is
possible that some or all of the transmembrane domains cleaved molecule, if the cleavage products remain asso-
ciated.)of SEL-12 presenilin form b strands. A standard 28 struc-
ture prediction algorithm (Chou and Fasman, 1978) pre- The postulated loop appears to have twosubdomains.
One subdomain begins after the sixth transmembranedicts that the deduced transmembrane domains of SEL-
12 presenilin would have a propensity to form b strands domain and includes the seventh hydrophobic region,
and is highly conserved among all three presenilins. Thisrather than a helices, although we note that this algo-
rithm may not be valid for transmembrane domains in subdomain may encompass the cleavage site (Thina-
karan et al., 1996; this study). As is the case for the tentha bilayer.
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Plasmidshydrophobic region, the seventh hydrophobic region
To construct plasmids encoding the hybrid proteins shown in Tablemay interact with the membrane or mediate protein–
1, we first constructed pLSX, an expression vector containing 2.8 kbprotein interactions. Alternatively, if the seventh hy-
of sel-12 59 flanking region, a polylinker, and 755 bp of 39 noncoding
drophobic region remains intact and adopts a b strand region, including a polyadenylation sequence, from the unc-54 gene
conformation, it would be theoretically long enough to (Fire et al., 1990). This vector leads to good expression in a subset
of cells that express sel-12 (X. L., D. Levitan, and I. G., unpublishedspan the membrane twice, in a hairpin-like structure,
data). cDNAs containing initiation codons are inserted into the poly-and hence would not behave like a membrane-spanning
linker site, and expression is driven by sel-12 59 flanking region.domain in the LacZ hybrid protein assay. At least part
Portions of sel-12 cDNA (Levitan and Greenwald, 1995) were ampli-of the seventh hydrophobic region can be deleted from
fied by the polymerase chain reaction (PCR) and fused in-frame to
PS1 without abolishing its ability to substitute for SEL- the cDNAs encoding LacZ proteins, with or without an upstream
12 in a C. elegans functional assay (Levitan et al., 1996), synthetic transmembrane domain (Fire et al., 1990). The resultant
sel-12::lacZ and sel-12::tm::lacZ hybrid cDNAs were placed intosuggesting that this part of the “loop” is dispensible for
pLSX.normal function. However, it is possible that the mutant
The plasmids encoding the hybrid proteins shown in Table 2 arePS1 protein, which can cause Alzheimer’s disease
also involved insertion into pLSX. SEL-12 sequences were gener-(Perez-Tur et al., 1995), may have a novel gain-of-func-
ated by PCR, and insert coding regions were assembled in pBlue-
tion activity. script (Stratagene) prior to insertion into pLSX. “SS”, the synthetic
The second subdomain of the intracellular loop is es- signal sequence, is described by Perry et al. (1993); “HR1” encom-
passes amino acids P2-P86; “HR2” encompasses amino acids S75-sentially unconserved among all three presenilins. How-
K129.ever, in all three presenilins this region strongly resem-
The integrity of all PCR products was confirmed by sequencing.bles a PEST sequence (Rogers et al., 1986; Rechsteiner,
1990). It is possible that the level of the proteolytically
Sequence Analysisprocessed presenilin fragments is regulated by the
The Genetics Computer Group Wisconsin software package version
PEST system for protein degradation. 8 was used for sequence analysis.
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